In a recent work, beating in the reflection high energy electron diffraction (RHEED) intensity oscillations were observed during molecular beam epitaxial (MBE) growth of GaAs with Sn as a surfactant. The strength of beating is found to be dependent on the Sn submonolayer coverage with strong beating observed for 0.4 monolayer coverage. For a fixed temperature and flux ratio (Ga to As), the period of oscillation decreases with increasing Sn coverage. In this work, we have developed a rate equation model of growth to investigate this phenomenon. In our model, the GaAs covered by the Sn is assumed to grow at a faster rate compared to the GaAs not covered by Sn. Assuming that the electron beams reflected from the Sn covered surface and the rest of the surface are incoherent, the results of the dependence of the RHEED oscillations on Sn submonolayer coverages for various Sn coverages were obtained and compared with experimental data and the agreement is good.
INTRODUCTION
The presence of impurities on the surface is known to influence the flow of steps during the growth and modify the surface roughness, the composition of the epilayer and the degree of ordering [1] [2] [3] . In the growth of GaAs, Sn, which is an amphoteric dopant is known to ride the surface due to much larger atomic radius of Sn (1.42A) compared to that of Ga (1.22A) and As (1.18A). Petrich et al [4] have experimentally studied the effect of submonolayer concentrations of Sn on the surface and observed the occurrence of 405 beating in the RHEED intensity oscillations of the specular spot. They observed that the Sn submonolayer coverage required for strong beating decreases with temperature. They also observed that at 600C, the period of oscillation decreases with Sn coverage.
In this article, we propose a kinetic rate equation model to explain the observed beating in the RHEED intensity oscillations of Ref. [4] . The If these intensities interfere incoherently, beats will be observed in the resultant intensity. The interfacial component of intensity will be the coherent component which will contribute insignificantly to the total intensity for large island sizes because as the island size increases, the interfacial area (coherent component) to bulk area (incoherent component) ratio decreases.
The Rate Equation Model
The only elementary surface kinetic processes included in our model are: adsorption and migration. The time rates of change of concentration of Ga and As under the Sn-covered and non Sn-covered surfaces can be described in terms of the rates of individual kinetic processes. Thus Figure 1 intensities from the Sn-covered and non Sn-covered surfaces adding up incoherently. For low and high Sn coverages, the RHEED intensity in the specular beam contains predominantly a single frequency component from either the non -Sn-covered or the Sn-covered GaAs with both coherent and incoherent components. Since, the frequencies of the coherent and incoherent components are the same, there is no beating observed. However, for medium coverage of Sn, the RHEED intensity contains three components:
intensities from within Sn-covered and non-Sn-covered surfaces respectively and electron beam reflected from the interface between these surfaces which is coherent. The reflected electron beams from the Sncovered surfaces and from the non-Sn-covered GaAs will not be coherent with each other if the island sizes of Sn are larger than the coherent length of the electron beam (which is typically of the order of 100). The third coherent component arising from the interface will be insignificant for large island sizes as the interfacial area decreases in comparison to the Sn-covered or non-Sn-covered areas. Thus, for medium Sn coverages, the addition of intensities from incoherent electron beams from the Sn-covered and non-Sn-covered surfaces results. Since these two areas grow at different growth rates, the frequencies of oscillation of these two components will be slightly different which will yield beats in RO's. Additionally, the amplitude of RO's decreased slightly with Sn submonolayer coverage as shown in Figure 2 unlike experiments in which the amplitude increased slightly which may be a result of assumptions in the RHEED computation such as exclusion of multiple reflections, atomic scattering factor differences and effect of surface reconstruction on the RHEED intensity. A plot of time period of the RO's versus Sn submonolayer coverages at 600C is shown in Figure 2 . As the Sn submonolayer coverage increases, the period of RO decreases which is in good agreement with the experimental data of Ref. [4] . Noting 
